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PREFACE 


PiserepOntey prepared by the U.S). Department of Energy, 
Bartlesville Energy Research Center, for the U.S. Department of 
Transportation, Transportation Systems Center, Energy Technology 
Branch, Cambridge MA, presents results of experimental work to 
obtain information on performance characteristics of an engine 
used in automobiles sold in the United States. The engine used 
in this work is one of a series of 23 engines to be tested in the 


current program. 


This project is funded by the National Highway Traffic Safety 
Administration, Office of Research and Development, Office of 


Passenger Vehicle Research, Technology Assessment Division. 


Ralph G- Colello and James A. Kidd, Jr., of the U.S. Depart- 
ment of Transportation, Transportation Systems Center, are the 


technical monitors. 
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1. INTRODUCTION 


The data acquired from tests of a 1975 Buick 455 CID, 4V engine 
are presented in this report. This engine is used by Buick in full- 
size vehicles (Riviera, Electra 225, Electra Limited, and Estate Wagon). 
The test results are sufficient to establish steady-state maps for fuel 
consumption and emission rates (carbon monoxide, unburned hydrocarbon, 
and oxides of nitrogen) over the entire operating range of the engine. 


The objective of this program is to obtain engine performance 
data for estimating emissions and fuel economy for varied engine, 
service, and duty. The intent of this work is to provide basic engine 
characteristic data required as input for engineering calculations 
involving ground transportation. 


2. ENGINE TEST REPORT 


General engine specifications for the Buick 455 CID, 4V engine are 
given in table 1. The engine break-in (table 2) and tests were run using 
a single batch of unleaded regular grade gasoline; a fuel analysis is 
given in table 3. 


The engine break-in and tests were conducted with a new mean-toler- 
ance engine mounted on a test stand and coupled to an eddy-current 
dynamometer. The engine was complete except for the fan and a cooling 
tower was used in place of radiator. The engine was equipped with an 
alternator, but it was not wired into the engine's electrical system. 
The operative emission control systems included an oxidation catalyst, 
exhaust-gas-recirculation (EGR), early fuel evaporation, and high 
energy ignition. 


The engine was operated at various speeds and loads designed to 
approximate road-load conditions over a 42-hour period for break-in. 
The engine test began on 5 and ended on 19 May 1976 giving a total 
engine operating time of approximately 110 hours. The engine was 
tested while operating at the steady-state modes shown in table 4. 


The following data were recorded for each test point: 


Test number 

Date 

Barometric pressure, mm Hg 

Dewpoint, °F 

Inlet air temperature, °F 

Speed, rpm 

Torque, lb-ft -- BLH strain gage load cell; Daytronics indicator 
Fuel rate, lb/hr -- Fluidyne positive displacement fuel flowmeter 
Ignition timing, °BTC 

Manifold vacuum, in. Hg 

Throttle angle, deg 

CO, pct -- Beckman NDIR 

C05, pct -- Beckman NDIR 

Oo, pct -- Beckman polarographic detector 

HC, ppmC -- Custom-built heated flame ionization detector 
NO,, ppm -- Thermo-Electron chemiluminescent detector 

Oil temperature, °F 

01] pressure, psig 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H90 

Intake manifold temperature, °F . 


The following equations were used in calculating power, air/fuel 
ratio, absolute humidity, and mass emission rates of carbon monoxide 
(CO), unburned hydrocarbons (HC), and oxides of nitrogen (NO,): 


ihe 


Partial pressure of water vapor in intake air (millimeters 
of mercury); 


P = exp fe.ri7 - 33285] : 


393 + D 
where D = Dewpoint, °F. 


Absolute humidity (grains moisture per pound dry air): 


_ 4347.8(P) 


aS ae ae 


where B = barometric pressure, mm Hg. 


Humidity correction factor (dimensionless): 


Ce | 
> TP SOLAR Sy) 
Note: This factor is used to correct the NO, mass emission 
rate to a standard humidity of 75 grains moisture per 
pound dry air. 


Stoichiometric air/fuel ratio (dimensionless): 


xX 
AF - ONG Zosy 


: MWFuel 
where x = hydrogen-carbon atomic ratio of fuel, 
y = oxygen-carbon atomic ratio of fuel, 
MWfuel = fuel molecular weight per carbon atom, 


ZO TSS OO797x +15. 9994y - 


Hydrogen concentration in raw exhaust (percent): 


ap = (GOGO 
Ze (CORSCOD) |: 


where CO = carbon-monoxide concentration (percent) , 
CO> = carbon-dioxide concentration (percent), 


OR 


Note: This equation assumes a water-gas shift equilibrium constant 


(C0)(H,0) 
(COo)(Ha)  ? 


Correction factor for emission concentrations from wet basis 
to dry basis (dimensionless): 


Suan (5)(CO + CO) - He 
Ww oe TOOke aaa 


Note: In these tests only HC is measured on a wet basis. 
All other species are measured on a dry basis. 


Air/fuel ratio (dimensionless): 
NO 


x 
r AF, | (1+ 5 = y)(CO) + (2 + 4 - y)(CO2) + 2(02) + agm - Hy 
= aera at Ty PRIS on RTS OA TE) <TR OY Gone aa a 
Coto ey, CO + CO» + C,, (Foe) 
wnere Oo = oxygen concentration (percent), 
NO, = oxides of nitrogen (ppm), 
HC = unburned hydrocarbon concentration (ppmC) . 


Exhaust flow (pounds per hour): 
Mexia MEU2AR) 


where Mp = fuel flow rate (pounds per hour). 
Carbon monoxide mass emission rate (grams per hour): 


Mela 


COMA LEGO 
SE (VAS) SET 5 
C, 100 ‘MW, 


where Meco = molecular weight of CO (=28.01115), 
Wey = molecular weight of exhaust gas (=28.967), 


MWeg 


Unburned hydrocarbon mass emission rate (grams per hour): 


Mu C 


a HC H es 


where lic = molecular weight per carbon atom Of wHCS 


=] IZ50iIIS = 1) WOVIAS ar IHsSESAhy. 


4 


11. Oxides of nitrogen mass emission rate (grams per hour): 
MMNO, 

ex (49 To8) (im) H)453.59237, 

wW 


where Wino, = molecular weight of NO» (=46.0028). 


12. Power (brake horsepower corrected to a standard barometric 
pressure of 736.6 mm Hg and a standard temperature of 85° Pe 


_ _N(T) (736.6) t+ 460. 
HP = apes | (gp) V5 


where N = engine speed (revolutions per minute); 
T = brake torque (foot-pounds ), 
t = air temperature (°F). 


3. DISCUSSION OF TEST RESULTS 


Engine performance at wide-open-throttle (WOT) showed that the 
peak torque and brake horsepower output produced by the test engine 
were slightly lower than the figures quoted in table 1. Figure 1 
indicates that minimum brake specific fuel consumption (bsfc) at WOT 
occurred at approximately the same engine speed as maximum torque. 
Air-fuel ratio was maintained slightly lean except for high speed 
(above 2,500 rpm) or high load (above 60 pct of full load) conditions 
(figure 2). Emissions of carbon monoxide and hydrocarbon were main- 
tained at low levels except near WOT (figures 3 and 4). Maximum 
levels of NO. emissions occurred typically at 60 to 100 pct of full 
load for each engine speed (figure 5). Fuel consumption rate data 
show good repeatability at most speed/load conditions (figure 6). 


The test results presented are sufficient to establish steady- 
state maps of fuel consumption and emissions for this engine. 


4. 


CONCLUSIONS 


The purpose of the experimental work that is reported here is to 


establish data for this engine. 
panying tables of this report. 


Those data are presented in the accom- 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


Displacement’, CU VAM 5. cis yey uses sunray cre ev eters orto eietapayel oe 455 
Maximum horsepower, bhp @ 3,800 rpm................- 205 
Maximum) torque, lb-ft @ 2,000) nom. 2. s5 28 ees nee cs 8 345 
Bore wand Strokes 1 Umea cere atateieiere: die cl svtare rere eeroneterencts 4.312 X 3.900 
Configurations wai w els enertrners cetera eeonerae terete V-8 
ComPReSS:LONMMATEUO Wye. aek. seers recto neue ereieee cere ae 8.0:1 
Faring: Onder sre ieee ens, Seer eneketree ret arate recleraiatic cia rere 1-8-4-3-6-5-7-2 
Ignition timing at idle speed, °BTDC @ 600 rpm...... 12 
Block materia 1st. cise Siete Seer tere hes arene er mele tote ee cast iron 
Head mater tial seacicles tas a a adsera eeterererenenue sees cast iron 
Number of crankshaft main bearings...........-.esee0- 5 
Number of compression ringsS/piston...........eesee0e 2 
Number. of; oF]! riiNgs/ PIISTOMNG «se crneiecsierere olelote eh clonersens=i¢ ] 
Cart: UY Tive) EY PO ieicrajevcroie sraypercesuclasees cistele ences ietolenehonenonene caleks chain and sprocket 
Spaitek spill qizgal pig itn <ccvsicy ate ssete wie genre Rar rete aay eeeme eee ewan 0.060 
Engine weight), Vibes scies\c s ccarstevetersarevere tous rereverlneteretererereien: 700 
Exnaust-gas-recirculation system: 
Vallivies ty pena. conto Saas cps taarersbobene rac incny speretetone sien modulated 
Control ‘SiGmalis wveccrscrsvsterorsunosoyeserss cronsolenstretoreneichesnels ported vacuum 
Pornitvot dischargers cttcsnstrsctetrorenoyerstusurenels intake manifold 
Crankcase emission control: 
Control (method ois: sucrose teewtneconaeictoreratoucl euersteerclemers positive crankcase 
ventilation 
POTME ROR. GUS CHARGE! rerctor.teresaetotens cena onetcherene okayereterciere intake manifold 
Carburetor tye srs nc cic ate eertetare oieiebeleneretencte oterenei exe AV downdraft 


Distributor specifications: 
Centrifugal advance, begins ° @ 750-1,350 rpm.. 0 
Centrifugal advance, intermediate, 


3S OOO HDMi sa cs ciao valelleaeterece pave slatoverevenretcnere eta 9-12 
Centrifugal advance, full, ° @ 4,400 rpm....... 14-18 
Vacuum advance, begins, ° @ 4-6 in. Hg......... 0 
Vacuum advance, maximum, ° @ 11 in. Hg......... 14-20 

EGR» Vallivie MUMberis.:siarrerare cretevstes oreo crel era onctepenceste one suocerorerert: WS7043438 
Distributor MUMbeNnr wis saiicm cre rone ouch veuatohehstenerse cuorterner sions H12894 


TABLE 2. ENGINE BREAK-IN SCHEDULE 


Simulated Vehicle | Engine Speed, | Intake Manifold {Fraction of Time 
Speed, mph rpm Vacuum, in. Hg in Mode 


Total mileage per cycle = 75 miles. 
Total mileage accumulated over 42-hour break-in period = 1,260 miles. 


TABLE 3. FUEL SPECIFICATIONS 


Reid) vapor pressures? pSiiGs ace. mee oie lene 


Distillation, °F: 


FIA analysis, pct: 


AV OMANENIGS)..c0-ars Aettereine chaes ee ee ereree 
OTe TMS ices be Saiaes a ahecrae eee oe 


SUTERUN sePC Beans: s s cceus tives silauelle ayer shebeheuele oestoretieraeiaiers 
KeadiG/Galltus. su ee ranersiiices  worsterneetayee cians re peared 
Hydrogen/Carboniatomiies nalts serene cree eae 


Oxygen/carbonmat omic mrzaltlOnuetenetematerrcrererrers 


XJONT JFONFYAATY-SSOUD YAEWAN-LSAL °v 
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BSFC, 1b/hp-hr 
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FIGURE 1. 
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ENGINE, rom 


Brake Specific Fuel Consumption, Torque, 
and Brake Horsepower versus Engine rpm 
at Wide-Open-Throttle--455-CID Buick 
Engine. 
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AIR-FUEL RATIO 


FIGURE 2. 
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Air/Fuel Ratio versus Power at Various 
Speed and Load Conditions--455-CID 
Buick Engine. 
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FIGURE 3. Carbon Monoxide Emissions versus Power at 
Various Speed and Load Conditions--455-CID 
Buick Engine. 
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HYDROCARBON, grams/hour 


160 


FIGURE 4. 
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Hydrocarbon Emissions versus Power at 
Various Speed and Load Conditions-- 
455-CID Buick Engine. 
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OXIDES OF NITROGEN, grams/hour 
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Oxides of Nitrogen Emissions versus Power at 
Various Speed and Load Conditions--455-CID 
Buick Engine. 
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FUEL RATE, 1b/hour 
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FIGURE 6. Fuel Rate versus Power at Various 
Speed and Load Conditions--455-CID 
Buick Engine. 
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